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Microscopic scale: Yarn with bending stiffness

.y

Motivation and goals

-commended by IST TU Chemnitz
orestin, Boisse, Marsal [2009]

Goals: FE simulations which take into account the fiber bending stiffness and micro inertia

0 We design dynamic variational principles for continua with multi-scale effects

g We derive energy-momentum schemes which are preferable for rotor dynamics




e Strategy (I): Generalized continuum mechanics
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(see e.g. Boisse et al. [2018], Asmanoglo & Menzel [2017], Madeo et al. [2015], Feretti et al. [2014], Spencer & Soldatos [2007])

A mixed Formulation of anisotropic Cauchy continua with structural tensors

variational-based
dynamic simulation
method for
fiber-reinforced
continua in
non-isothermal
rotordynamical
systems

(see e.g. Reese, Raible & Wriggers [2001], Klinkel, Sansour & Wagner [2005], Schréder, Neff & Balzani [2005])
F, =Grad[p,] /\(\
Ag = ap ® ag

Three point bending test: experiment vs. Cauchy theory ~» ‘the
need to a Second—gradient theory' (see Madeo et al. [2015], Charmetant et al. [2012])

Strategy

bearing B bearing B

experiment FEM with Cauchy

mobile point C mobile point C
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Strategy (Il): Principles of virtual power

Principle of virtual work / Hamilton's principle (cf. bimarogonas et al. [2013])

Q Simo-Taylor-Pister functional (Simo, Taylor, Pister [1985])

Hsrelp,3,0) = [ 0=()av + [ w@)av— [ p[7 - der(Te)] av
B By o

@ Spatial weak form for J

/ 5p G(p, J)dt =0 with G(p,J) = J — det(Vep)
Z

Energy-momentum time integration (motivated by Betsch & Steinmann [2002], Armero [2008])

@ Preservation of balance law of total energy H := T(¢p) + () + w¥°!(])
e TOH . OH  OH -
My, — He, = — P+t — - p+—=J|dVdt
tnt b /n /Bg[&P ¥ de ® 7 ]

@ Time evolution of volume dilatation J

tnt1 . , B P
/ p G, D) dt=0 with (@, ) = T — det(Ve)
[ Bo

Variational principle (cf. Schréder & Kuhl [2015])

tnt1

. 2 1 ~
8Hp T At =0 with K= [ me-dV+ Heree,T,0)
Bo

tn




w2 Cauchy continuum model (I)
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Deformation of fibers and matrix (cf. Klinkel, Sansour & Wagner [2005])

A @ Deformation of the fibers
Fpr=a;®ay=FAy Ay=ay®ay Cp:=FLFp:=CrA
@ Fiber and volume dilatation
O = G = C ) Ay Cv # Cy = [det(C)]7am
© Isotropic viscoelastic matrix

F=F.F, C,= Ff,Fv ~» symmetric internal variable



B2 Cauchy continuum model (I1)

A it Thermo-viscoelastic free energy
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dynamic simulation H rel i rain ener
amic simula @ Hyperelastic strain energy
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we(C, Oy, Cr; Ao) = Uip (17, I, IF . 1) + W37 (Cv) + 0™ (Cie)

rotordynamical @ Thermoelastic free energy
systems wthe(Q C«V7 C«F) _ @cap(@) _9 vagfndim ﬁM [@ _ @oo] vol(a )
Michael GroB, = ~
Juliah D t»zsdm — 2 012;_1 ﬁF [(—) — @oo] DW}C?I&(CF)
Chris Robiger © Viscoelastic free energy
T (A) = BRI I 1Y) A=ccyt C.=F.F.
Non-equilibrium and total stress (cf. Reese [2001])
oy BT @ Viscous evolution equation and non-equilibrium stress tensor
ins . . . 5
Y::f%é” D= Gy X, =C,:V(Cy): Cy >0
v

v(C,) = { vol — Zdev] cille oyt 4 Vdev P oole OOl

dim
@ Total second Piola-Kirchhoff stress tensor

S .= 1]‘&};)_"_ v1&.+ SF A(J + SV Avol Avol o= ~—1

det( C) naim C

Ndim



B2 Generalized Cauchy virtual power principle (1)

A mixed

2 Total energy balance law in functional form
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d ic simulati Dlim o e O e P By e B 2 2 Y _ Artra o
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e Kinetic power functionals

systems

ot
temporally discontinuous + I+ '™

(motivated by Altenbach et al. [2003], Askes & Aifantis [2011])

T (g, b, ) ;:/7 [pl,Ivfp]w‘;de/il'[vﬂP]dV*/
Bo Bo

T, w, ) ::/ [po [ —83) Ao+ BI|w— 7] -wdV —
Bo

Bo

ulia i

p-@dV
o
Chris Raébi

B

o lw—aldV+ [ 7-adV
Bo

cdu _

V(no)-Q

8p CrdV

N =

Generalized power principle




w22 Generalized Cauchy virtual power principle (I1)
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A mixed nternal power functional (motivated by Steinmann & Stein [1997])
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Principle of virtual power

5 H(@, b, b, &, 0,7, o, 0,0, F, C, Oy, C, 6, P, 7!y, S, Sy, Sp, R, A, Z) =0
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temporally continuous temporally discontinuous
Additional weak forms
Generalized power principle ; L~
/5*r§kw; []ISk“’:FF +e»a}dV:/ Z-€: 6,75 dA 6.2 e:7h,dA=0

Bo Do Bo Do Bo
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B Additional balance laws
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Balance law of angular momentum 7 includes additively:

Balance law of rotational momentum J*°°
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Set §,cx = ¢ = const.:

a q tnt1 tnt1
continua in / / [#+e:mh dth—/ / c- ZdAdt+/ / c- WdAdt
non-isothermal o Els . Bo O Bo
rotordynamical
systems toy1
/mwdV—/m,,dV:(tnﬂ—tn)/ [—/s:r;kwdv+/ ZdA+ WdA] dt
Michael GroB, Bo Bo tn Bo 9a Bo OwBo

Chris Rébiger Balance law of total energy H includes additively:

Balance law of rotational energy 7°*

Set §,c = & and 6, = w and 6,75, = T,

tnt1 tng1 tat1

Ean. ( / / e 71'+e Tskw dth / / - ZdAdt+/ / a- WdAdt

%o o B Jow o
ot a1
Additional balance laws Eqn. ( / / T dew H”kw CFE + €- a d Vdt= / / Z-e: Tskw dAdt
90 Bo

tnt1

Eqn. ( / /w [Jw—w]dVdt=0 with J = po [(lp*lo)Ao+l§I}

Toh — Tot = -/ Wiy - Jwi,dV — 1/ wy, - Jw, dV
3, B Jlez,

tnt1 __ .
= (tnﬂ—t")/ [/ The : FF 1dv+/ d~ZdA+/ Q- WdA} at
tn Bo BaBo dwBo




T Dynamic torsion of a long composite square pipe
(Boundary and initial conditions; 121-em with H20-mixed-Bbar)
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Driven dynamic torsion

Dirichlet and Neumann boundary conditions Initial conditions

Yellow patches: Temperature ©4 = O f(t), Torque load W =+ W, f(t) of =X* afl =0 Of =0,
o = wi =0 O =298.15

Blue and green patches: no b.c. (thermal insulation @4 := 0)



T Dynamic torsion of a long composite square pipe
(Motion and loads; 121-em with H20-mixed-Bbar)
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Dynamic torsion of a long composite square pipe
ez (Solution versus time; 121-em with H20-mixed-Bbar)
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= Driven rotation of the heated pipe under pressure

(Boundary and initial conditions; 121-em with H20-mixed-Bbar)
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2. 0-20

y
Dirichlet and Neumann boundary conditions Initial conditions
Yellow patches = = 0: Temperature 4 = éf(t) Lp@ =Xx4 a(‘)“ =0 9{)4 =Cl

. A _ A —
Torque load W = + W arive f(2) vy =0 wi =0 Oy =29815

Yellow patches & = 100: Temperature ©4 = O f(t)

Siier e Torque load W = — Wiseoon £(1) Movies

Blue patches: 1) Transient pressure p*(t) = p | sin(wioad,p t)| Sp(X) e(X)
2) Outward heat load (cooling) with Q4(t) = Q f(t)

- Sy (X Cy(X
Green patches: no b.c. (thermal insulation @4 := 0)



e Driven rotation of the heated pipe under pressure
(Solution versus time; 121-em with H20-mixed-Bbar)
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e Driven rotation of the heated pipe under pressure
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= Driven rotation of a composite disc brake rotor

e (Boundary and initial conditions; 121-em with H20-mixed-Bbar)
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Driven disc brake rotor




e Driven rotation of a composite disc brake rotor
(Solution versus time; 121-em with H20-mixed-Bbar)
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= Driven rotation of a composite disc brake rotor

(Solution versus time; 121-em with H20-mixed-Bbar)
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e Driven rotation of a composite turbine rotor
TE(HNIS((HHEEML;::?;ERS"AT (Boundary Status Monitor: back; 12l—em Wlth H8—miX€d-Bbar)

A mixed Boundaries: Yellow patches = 9g%, (heating); Cross marker = Q% (drive); Green patches = no b.c. (insulation)
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Driven turbine rotor

derived from the proceeding Noels, Stainier, Ponthot [2004]: A Consistent dissipative time integration scheme for structural dynamics.
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e Driven rotation of a composite turbine rotor
e (Boundary Status Monitor: front; 121-em with H8-mixed-Bbar)
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Boundaries: Red patches = 9%, (cooling); Star marker = 9%, (pressure — brake); Blue patches = do %, (heat sink)
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Driven turbine rotor
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Driven rotation of a composite turbine rotor

(Material Status Monitor; 121-em with H8-
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e (Solution versus time; 121-em with H8-mixed-Bbar)
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systems

> Energy-momentum schemes for second-gradient continua
> derived by a variational principle for generalized continua
@ Strategy:
> Independent fields for rotations and deformation gradient
> Discretization of a mixed principle of virtual power
@ Important result for rotor dynamic applications:
non-standard boundary conditions
> Torque load from a drive or a bearing with friction
> Outlook: Pressure from the Bernoulli effect [p = £F |w
@ Next steps:

> Investigation of the influences of the micro-inertia

A|2 1”2]

Summary

> Introduction of second-gradient continuum models
23
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Driven rotation of a composite turbine rotor
(Energy-momentum versus time; 121-em with H8-mixed-Bbar)
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